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Abstract  

E l e c t r i c a l  a c t i v i t y  i n  the c a t ' s  hippocampus has been s tud ied  i n  

a l e r t e d  b u t  non-performing animals, and i n  the course of d i s c r i m i n a t i v e  task 

performances, and du r ing  o r i e n t i n g  behavior.  Computed averages o f  hippo- 

campal wave t r a i n s  were prepared of d a i l y  t r i a l s  i n  d i s c r i m i n a t i o n  and i n  

o r i e n t i n g  responses. A l e r t e d  b u t  non-performing animals e x h i b i t e d  a wide 

spectrum of  " theta" wave a c t i v i t y  i n  the range 3 t o  i cycles/sec on f i r s t  

i n t r o d u c t i o n  i n t o  the t e s t  s i t u a t i o n ,  w i thou t  o v e r t  aspects o f  o r i e n t i n g  

behavior.  Th is  a c t i v i t y  pe rs i s ted  i n  EEG epochs between d i s c r i m i n a t i v e  and 

o r i e n t i n g  t r i a l s  throughout many months o f  t r a i n i n g .  I t  was maximal i n  

leads from the pyramidal c e l l  d e n d r i t i c  layer .  By cont ras t ,  leads i n  basal  

p a r t s  o f  the dentate gyrus and subiculum were charac ter ized  by " fas t ,  low- 

vo l tage"  a c t i v i t y  i n  the a l e r t e d  animal. Dur ing T-maze d i s c r i m i n a t i v e  

performances hippocampal the ta  waves regu la r ized  a t  6 cycles/sec, and a l s o  

replaced the low vo l tage f a s t  a c t i v i t y  i n  the zones c i t e d  above. O r i e n t i n g  

behavior was associated w i t h  slower and less regu la r  computed averages a t  

4 t o  5 cycles/sec.  

d i s i n h i b i t i o n  of  i n h i b i t e d  o r i e n t i n g  behavior,  and by the gradual 

appearance o f  a regu la r  EEG average du r ing  o r i e n t a t i o n s  5 t o  10 days a f t e r  

the drug, and d e c l i n i n g  a f t e r  15 to  20 days, concur ren t ly  w i t h  the d e c l i n e  

o f  o r i e n t i n g  behavior .  

and EEG changes was induced by a psychotomimetic cyclohexamine, CL-400. 

I t  i s  concluded t h a t  w i th in  a s ing le  b r a i n  system, there i s  a c l e a r  

capac i t y  for- p a r t i c i p a t i o n  i n  r e l a t e d  b u t  d i f f e r i n g  behav io ra l  responses, 

with induc t i on  o f  g r e a t l y  d i f f e r i n g  E Z G  pa t te rns  i n  d i s c r i m i n a t i v e  and 

o r i e n t i n g  responses. The poss ib le  r e l a t i o n  of these wave p a t t e r n s  to  the 

establ ishment  o f  a behaviora l  "set," necessary t o  storage o r  r e c a l l  o f  

i n fo rma t ion  i s  discussed. 

S ing le  doses o f  LSD-25 were fo l lowed by prolonged 

A s i m i l a r  b u t  accelerated ser ies  o f  behav io ra l  
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I n t roduct  i on -- 
I t  i s  c h a r a c t e r i s t i c  of v i r t u a l l y  a l l  l i v i n g  organisms, from the 

u n i c e l l u l a r  ameba t o  man h imsel f ,  that  i n t r o d u c t i o n  o f  novel environmental 

s t i m u l i  produces an a l e r t i n g  response. Th is  response v a r i e s  i n  i t s  

b e h a v l ~ r i ?  msnifestatinnq; depending on the l e v e l  o f  neural  o rqan iza t ion  o f  

the p a r t i c u l a r  species, and the nature arid i n t e n s i t y  o f  the st imulus.  

the mammal, the response t o  a sudden st imulus runs a gamut from the " s t a r t l e  

response," w i t h  a r r e s t  of ongoing behavior-, thrcugh var ious i n v e s t i g a t i v e  

react ions,  to an alrnGct i n f i n i t e  v a r i e t y  o f  complex, coord inated motor 

pa t te rns ,  c o n s t i t u t i n g  l ' f i g h t  o r  f l i g h t "  responses (10). I t  i s  i n  the 

second categiory t h a t  we may group the behaviora i  components o f  the  o r i e n t i n g  

r e f l e x .  

the immediate response i n  man and animals, so t h a t  they immediately o r i e n t  

t h e i r  appropr ia te  receptor-organ i n  accordance w i t h  the p e r c e p t i b l e  q u a l i t y  

i n  the agent b r i n g i n g  about the change, making f u l l  i n v e s t i g a t i o n  of it," 

o r i e n t i n g  behavior has been character ized by Konosski (17) i n  terms o f  i t s  

most s a l i e n t  feature,  the t u r n i n g  o f  head and eyes towards the novel 

s t imulus.  Recent reviews by Sokolov (20) and Vinogradova (21) have 

emphasized t h a t  i t s  c h a r a c t e r i s t i c  motor, vascular and EEG reac t ions  can 

appear n o t  o n l y  as components o f  the o r i e n t i n g  r e f l e x ,  b u t  a l s o  as compon- 

en ts  of o ther  uncondi t ioned re f lexes .  

r e f l e x  there fore  r e s t s  on c e r t a i n  "p r inc ip les"  i n  the in t imate  behavior o f  

i t s  component r e f l e x e s ,  i n c l u d i n g  t h e i r  n m - s p e c i f i c i t y  w i t h  respect t o  

b o t h  q u a l i t y  and int;.,;ity of t h e  st imulus,  and t n e  s e l e c t i v i t y  of 

e x t i n c t i o n  of var ious p r o p e r t i e s  o f  the  s t imulus w i t h  repeated presentat ion.  

Attempts t o  f i n d  e lec t rophys io log ica l  c o r r e l a t e s  o f  the o r i e n t i n g  

I n  

F i r s t  descr ibed by Pavlov (13) as "the r e f l e x  t h a t  brings about 

The uniqueness of the o r i e n t i n g  
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r e f l e x  l ed  Grastyan bird h i s  col leagues (1959, 1960) t o  pos tu la te  a s p e c i f i c  

r e l a t i o n s h l p  between hippocampal theta wave t r a i n s  and o r i e n t i n g  behavior.  

However, the e x q u i s i t e  p l a s t i c i t y  o f  hippocampal the ta  rhythms i n  changing 

behav io ra l  s ta tes ,  i nc lud ing  the appearance of bu rs ts  of waves i n  a narrow 

spec t ra l  range dur ing  performance o f  a v i s u a l  d i s c r i m i n a t i v e  task, hLve 

suggested more sub t le  and spec i f i c  r e l a t i o n s h i p s  t o  d i s c r i m i n a t i v e  func t ions  

and judgment capabi 1 i t y  (1, 3, 5, 7-9). 

f u r t h e r  d e t a i l  below, we have a t teapted  i n  th is  study t o  d i s t i n g u i s h  

hippocampal the ta  t r a i n s  accompanying d i s c r i m i n a t i v e  performances from 

those t r a i n s  w i t h  w ide ly  swinging spec t ra l  content  occu r r i ng  i n  a l e r t e d  

s ta tes ,  i nc lud ing  o r i e n t i n g  behavior. 

For these reasons, discussed i n  

Me thsds 

F i ve  a d u l t  ca ts  (body weights 2.3 t o  4.0 kg) were s t e r e o t a x i c a l l y  

implanted w i t h  b i l a t e r a l  ar rays o f  dorsa l  hippocampal e lec t rodes .  Each 

a r r a y  was formed o f  L"x 34 gauge s ta in less  s tee l  wi res,  insu la ted  w i t h  

enamel and epoxy varn ish,  and spaced 1.5 mm apar t  (19). I n  three animals, 

these ar rays  were disposed t ransverse ly  i n  the dorsa l  hippocampus, and i n  

the remaining t w o  were i n c l i n e d  o b l i q u e l y  t o  the s a g i t t a l  p lane t o  f o l l o w  

the long axes of the d ivergent  p o s t e r i o r  p o r t i o n s  o f  the dorsa l  hippocampi, 

The r e l a t i v e  lengths o f  the w i res  i n  each a r r a y  were c a r e f u l l y  trimmed t o  

f o l l o w  the contour o f  the d e n d r i t i c  zone o f  the hippocampal pyramidal  c e l l  

l aye r .  

each ar ray ,  using an 8 channel Grass electroencephalograph. 

B ipo la r  EEG recordings were made from adjacent  p a i r s  o f  w i res  i n  

Behavioral  T ra in ing .  T h i s  invo lved a m o d i f i c a t i o n  o f  the T-maze 

procedure used ex tens i ve l y  i n  previous s tud ies  ( 3 ,  5, 9 ) .  The sub jec t  was 



requ i red  t o  make an i n i t i a l  d i r e c t  approach t o  the 1 ighted s i d e  o f  the 

T-box t o  secure a concealed food reward. Opening o f  the doors i n  the s t a r t  

box was re in fo rced  by  a 500 cycles/sec tone t h a t  pe rs i s ted  f o r  the d u r a t i o n  

of the t r i a l .  F o r t y  approach t r i a l s  were presented d a i l y .  In  addition, 

I.n I I - . . . - -~ .  vr l c , l L , i t g ' l  iiit;:5 iafidol~!y : - c - w - - + . ~ e e A  he+l.tnan the a n n y n a p h  1 I I L L . l  apr t  -.\I" Y-L..--I. -rr ---.. 

t r i a l s .  

closed, b u t  the  sub jec t  was able to  hear the  r e i n f o r c i n g  tone, and observe 

the ambient i l l u m i n a t i o n  i n  the reward area from the cue l i g h t ,  through 

narrow s l o t s  above and below the opaque s t a r t i n g  doors. 

the o r i e n t i n g  t r i a l s  were introduced a t  the commencement o f  t r a i n i n g .  I n  

the o ther  two, they were w i thhe ld  u n t i l  a h igh  l eve l  (over 90 per  cent)  

was reached i n  approach performance. 

In  these o r i e n t i n g  t r i a l s ,  the doors of the s t a r t  box remained 

I n  three subjects ,  

Druq Studies.  Psychotropic agents were administered i n  s i n g l e  i n t r a -  

p e r i t o n e a l  doses a t  i n t e r v a l s  o f  not less  than 21 days. Fresh ly  prepared 

aqueous so lu t i ons  o f  l y s e r g i c  a c i d  d ie thy lamide (LSD-25) were g iven i n  

doses o f  70 t o  S O F g / K g .  Doses o f  n -e thy l - l -pheny l  cyclohexylamine 

monohydrochloride (CL-400) were given i n  amounts o f  2.0 mg/Kg, prepared 

by a f i v e - f o l d  d i l u t i o n  of a commercial preparat ion.  

drug were assessed by comparison o f  20 pre-drug t r i a l s  w i t h  the same number 

presented 45 t o  GO min a f t e r  i n j e c t i o n .  

Ea r l y  e f f e c t s  o f  the 

Computer Ana lys is  o f  EEG Records. Averaging o f  hippocampal wave 

t r a i n s  was performed on - l i ne  w i t h  a Mnemotron CAT. A ser ies  o f  pu lse  

generators (Grass Model I V  s t imu la to rs )  prov ided pulse t r a i n s  f o r  i n i t i a t i o n  

o f  computer ana lys i s  epochs and f o r  ga t i ng  v i s u a l  and a u d i t o r y  cues. 

2.0 sec ana lys i s  epoch was arranged t o  begin 250 t o  500 msec be fore  

p resen ta t i on  of  the task. 

A 
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H i s t o l o g i c a l  Contro ls .  A f t e r  fo rmal in  f i x a t i o n  s e r i a l  f rozen sect ions 

were c u t  i n  the long a x i s  of the arrays,  and the hippocampal l o c a t i o n  o f  

those d ipo les  used i n  the computational ana lys is  conf i rmed. 

Resu 1 t s  

P a r t i c u l a r  care was taken i n  observing the c h a r a c t e r i s t i c s  o f  theta 

t r a i n s  occu r r i ng  i n  i n i t i a l  exposure i n  the t e s t  box. Our prev ious f i n d i n g s  

were f u l l y  confirmed t h a t  h igh  amplitude, slow wave t r a i n s  a re  f u l l y  

developed from the i n i t i a l  moments o f  the exposure, and a r e  no t  dependent 

on the i n i t i a t i o n  o f  s p e c i f i c  aspects of o r i e n t a t i o n  (5, 19). I n  con t ras t  

t o  the narrow bandwidth o f  the t r a i n s  accompanying the d i s c r i m i n a t i v e  

performance, t h i s  cont inuous background of the ta  a c t i v i t y  covered about an 

octave from 3 t o  7 cyc les/sec.  I t  was l i t t l e  changed between the commence- 

ment and te rmina t ion  o f  a day's t r a i n i n g ,  so t ha t  a t  l e a s t  p a r t i a  

s a t i a t i o n  o f  hunger was no t  an i n f l u e n t i a l  f a c t o r ;  nor d i d  i t  dec ine  

p rog ress i ve l y  dur ing  several  months of d a i l y  t r a i n i n g .  I t s  ub iqu i tous  

incidence as a broad spectrum i s  in te rpre ted  as r e l a t i n g  t o  a s t a t e  o f  

a le r tness ,  w i thou t  o r i e n t i n g  o r  d i sc r im ina t i ve  responses as an essen t ia l  

concomi tan 

These 

o f  c o n t r o l  

12-13, 13- 

f i n d i n g s  a re  exempl i f ied i n  F ig .  1 .  I n  the pre-approach epochs 

records,  and p a r t i c u l a r l y  i n  r i g h t  hippocampal leads ( R .  HIPP. ,  

4), h igh  ampl i tude slow waves occurred a t  t h i s  time, w i t h  

f requencies ranging from 4 t o  7 cycles/sec. 

the b u r s t  o f  more regu la r  waves a t  6 cycles/sec appear ing du r ing  the 

d i s c r i m i n a t i v e  approach t o  food, a lso  most obvious i n  t h i s  example i n  a 

r i g h t  hippocampal lead (13-14)" Detect ion o f  t h i s  phenomenon i n  i t s  

They cont ras ted  sharp ly  w i t h  
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i c a l l y  dependent on the loca i o n  of the record ing  

e lect rodes,  h i s t o l o g i c a l l y  confirmed i n  t h i s  instance as l y i n g  i n  the 

deeper p a r t  o f  the pyramidal c e l l  layer  i n  zone CA3. I t  w i l l  a l s o  be noted 

t h a t  t h i s  regu la r  b u r s t  o f  waves, l a s t i n g  approximately two seconds i n  

approach t r i a l s  preceding (A) and one day a f t e r  drug treatment (81, subsided 

r a p i d l y  on at ta inment  o f  the food reward. 

ana lys i s  i s  descr ibed below. 

Fur ther  eva lua t i on  by computer 

1 .  E f f e c t s  o f  i n t r o d u c t i o n  o f  o r i e n t i n g  t r i a l s  i n  schedules o f  

t ra ined  animals. 

I n t r o d u c t i o n  o f  o r i e n t i n g  t r i a l s ,  as descr ibed i n  Methods, i n  animals 

a l ready  a t  a h i g h  performance leve l  was accompanied by subs tan t i a l  

o r i e n t i n g  responses, i x l u d i n g  tu rn ing  o f  head and t runk  towards the 

s t a r t i n g  doors, and i n  some instances by i n i t i a t i o n  o f  walk ing. These 

o r i e n t i n g  movements subsided and e s s e n t i a l l y  disappeared i n  the course o f  

7 t o  IO days' t r a i n i n g .  

Typ ica l  concomitant e lec t rophys io log i ca l  events a re  shown i n  F ig .  2. 

These computed r e s u l t s  d e p i c t  the sharp ly  c o n t r a s t i n g  r e g u l a r i t y  o f  the 

d a i l y  average du r ing  approach, extending throughout the 2.0 second ana lys is  

p e r i o d  on many days (A) ,  by comparison w i t h  averages o f  an equal number o f  

o r i e n t i n g  t r i a l s  (e ) .  

o f  4 o r  5 waves o f  s u b s t a n t i a l l y  h igher  ampl i tude than those i n  the 

l a t t e r  p a r t  of the approach. ?he l a t t e r  showed o n l y  low ampl i tude 

i r r e g u l a r  waves a t  the onset o f  the o r i e n t i n g  s i t u a t i o n  i n  the f i r s t  s i x  

days'  t r a i n i n a .  Moreover, rlnmln3~t frequencies i n  o r i e n t i n g  t r i a i s  v a r i e d  

w i d e l y  w i t h i n  and between d a i l y  averages, ranging between 4 and 5 cycles/sec,  

s u b s t a n t i a l l y  slower than wave t r a i n s  from the same lead du r ing  approach. 

The former were charac ter ized  by an i n i t i a l  b u r s t  
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The most re!iular po r t i ons  o f  the o r i e n t i n g  averages tended t o  l i e  towards 

t h e i r  te rmina t ions .  A t rend towards h igher  ampli tude i n i t i a l  waves was 

noted in  thc o r i e n t i n g  averages of days 9, 1C and 11. 

2. - Pr)lonqed e f f e c t s  of LSD on o r i e n t i n g  behavior and hippocampal EEG. 

.rL - - -  1 -_  _ _  
BIIG prulvl lysif  e f f e c t s  af LST! 3: thz h:py%S%p=! theta !̂ !2ve t ra ins 

w r i n g  a d s c r i m i n a t i v e  performance have been described in  d e t a i l  elsewhere 

(6). 

regular i t ' !  of the i n i t i a l  waves of  the approach t r a i n ,  beginn ing 3 o r  4 days 

a f t e r  a d ise  o f  80fig/Kg and p e r s i s t i n g  f o r  5 t o  7 days t h e r e a f t e r .  

should be emphasized t h a t  such a dose, though large by comparison w i t h  

th resho ld  doses i n  other mammals, i nc lud ing  man, was found t o  be the lowest 

dose capable of c o n s i s t e n t l y  inducing ep isod ic  e l e c t r i c a l  paroxysms i n  the 

c a t  i n  a w e l l - l i t  environment. Furthermore, d i s r u p t i o n  o f  learned perform- 

ance a t  t h i s  dose was s ?  i g h t  ( 3 ) .  

T y p 7 c a l l y  {Fig.  3 A ) ,  there  was an enhancement of the ampli tude and 

I t 

A t t e n t i o n  was d i r e c t e d  i n  t h i s  study to p e r s i s t e n t  changes i n  o r i e n t i n g  

behavior induced by such a s i n g l e  dose o f  LSD. 

t h i s  involved a d i s i n h i b i t i o n  o f  the i n h i b i t e d  o r i e n t i n g  r e f l e x .  The 

animal showed a renewal o f  the head and body turning, and associated 

searching movements t h a t  had charac ter ized  the i n i t i a l  exposure t o  the 

o r i e n t i n g  t r i a l s ,  i n  t h i s  case, however, the o r i e n t i n g  responses p e r s i s t e d  

f o r  about 20 days a f t e r  a s i n g l e  dose o f  LSD. 

I n  Pavlovian terminology, 

I n  the f i r s t  2 o r  3 days a f t e r  LSO, the o r i e n t i n g  averages e x h i b i t e d  

no c o n s i s t e n t  changes (Fig. 38) .  

dose of LSD 24 days e a r l i e r .  

towards h igher  amplitudes i n  the i n i t i a l  waves of the t r a i n ,  c l e a r l y  

mani fested a f t e r  8 t o  IO days. 

This animal had received one previous 

Progressively,  however, there  was a t rend 

Between the eleventh and t w e n t y - f i r s t  days 
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(3/14/64 t o  3/24/64) , t h i s  i n i t i a l  regu la r  t r a i n  evolved i n t o  a sequence 

o f  3 o r  4 waves a t  5 cycles/sec only  s l i g h t l y  slower than those i n  the 

accompanying d i s c r i m i n a t i v e  performances, and fo l lowed by a regu la r  t r a i n  

o f  lower ampl i tude waves a t  the same frequency. This  r e g u l a r i z a t i o n  o f  

the o r i e n t i n g  average aeci in& i;-,e,-az,fte~ ..:At. bt.- l--I-:+mm-+:nn W I  L I I  b11S l l Y u  I L Y Y  L .  Y . .  s f  +he 

o r i e n t i n g  behavior.  

I t  w i l l  be noted t h a t  i n  t h i s  animal, the  increment i n  the d i s c r i m i n -  

a t i v e  averages a f t e r  LSD (Fig. 3A) occurred between the t h i r d  and ten th  

days a f t e r  the drug, i n  agreement with prev ious f i nd ings  (6). I t  thus 

e s s e n t i a l l y  preceded the development o f  the more rhythmic c h a r a c t e r i s t i c s  

i n  the o r i e n t i n g  averages. I n  other  animals o f  t h i s  ser ies,  a s i m i l a r  

d i s s o c i a t i o n  was a l s o  seen. The e f fec ts  o f  LSD i n  increment iny the 

d i s c r i m i n a t i v e  average sometimes appeared on the f i r s t  and second days 

a f t e r  the  drug, p e r s i s t i n g  f o r  about 5 days (Fig.  4B), w i t h  dominant 

f requencies a t  about 6.5 cycles/sec. 

inc reas ing  r e g u l a r i t y  from the f i f t h  day a f t e r  the drug (3/16/64), 

d e c l i n i n g  a f t e r  the f i f t e e n t h  day, The i r  dominant f requencies were a t  

about 5 cycles/sec,  markedly slower than i n  the d i s c r i m i n a t i v e  averages. 

The o r i e n t i n g  averages here manifested 

3 .  Prolonqed e f fec ts  of a psychotomimetic cyclohexamine (CL-4.00) on 

o r i e n t i n q  behavior and hippocampal EEG. 

The induc t i on  o f  paroxysmal se i zu re - l i ke  hippocampal wave t r a i n s  i n  

the c a t  w i t h  t h i s  ser:3s o f  drugs (Fig.  4) has been discussed i n  d e t a i l  

elsewhere (4) .  Our prev ious f i nd ings  were confirmed, i nc lud ing  the 

d i s r u p t i o n  o f  normal hippocampal theta wave t r a i n s ,  and the s u s c e p t i b i l i t y  

o f  hippocampal t i s s u e  t o  these paroxysmal discharges i n  response t o  sudden 

a u d i t o r y  and v i s u a l  s t i m u l i .  I n  the dose g iven (2 m g k g  1 , P . ) ,  behaviora l  
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performance and concomitant EEG a c t i v i t y  were pro found ly  d is rup ted  i n  10 

t o  20 m i n .  

o f  learned performance du r ing  these episodes. 

A f t e r  24. hours, occasional paroxysms were noted, w i t h  d i s r u p t i o n  

On the f i r s t  two days a f t e r  the drug, there  was c h a r a c t e r i s t i c a l l y  a 

- -  -'.--I * - - - - - - -  ? -  --:.--t:-- + r \ r . . ~ - - m f i -  - - A  c n m n  - ,~~nmant=,t inn i~ e ~ p ! ~ t , ~ ~ e  
IlldI ncU I IILI caac I I I  VI I GII L I ~ t y  I G . ~ ~ ~ V I I J - . J ,  Y , , ~  A ~ , . , ~  y y J , , , ~ . .  -.  _.. 

and r e g u l a r i t y  of hippocampal a c t i v i t y  i n  the w a i t i n g  per iods (Fig.  1 ) .  

The sustained r e g u l a r i t y  of t he ta  wave t r a i n s  du r ing  d i s c r i m i n a t i v e  

performances i n  post-drug t r i a l s  was sharp ly  augmented (Fig.  l e ) .  Computed 

averages (Fig.  5 ) ,  showed increased r e g u l a r i t y  throughout the 2.0 second 

ana lys i s  epoch i n  bot ,  d i s c r i m i n a t i v e  and o r i e n t i n g  responses f o r  three 

days a f t e r  the drug, b u t  t h i s  was less sustained the rea f te r .  This d e c l i n e  

corresponded w i t h  d iminished o r i e n t i n g  behavior,  which was more ephemoral 

a f t e r  CL-400 than w i t h  LSD. A s  noted above, the dominant frequency i n  

the d i s c r i m i n a t i v e  responses was 6.5 cycles/sec,  and i n  the o r i e n t i n g  

responses 5 cycles/sec.  A s i m i l a r  t r a n s i e n t  augmentation i n  the r e g u l a r i t y  

o f  the computed averages i n  o r i e n t i n g  responses i s  shown i n  Fig.  6B 

(4/1/64 and 4/2/64). 

D i  scuss i on  

I n  h i s  comprehensive review of the o r i e n t i n g  r e f l e x ,  Sokolov (1963) 

has drawn a t t e n t i o n  t o  th ree  features regarded as c h a r a c t e r i s t i c ;  

n o n - s p e c i f i c i t y  w i t h  respect t o  q u a l i t y  o f  s t imulus,  n o n - s p e c i f i c i t y  w i th  

regard t o  i n t e n s i t y ,  and s e l e c t i v i t y  o f  e x t i n c t i o n  o f  var ious p r o p e r t i e s  

of the  s t imu lus  w i t h  repeated presentat ions.  I n  t h i s  study, our a t t e n t i o n  

has been p r i m a r i l y  d i r e c t e d  t o  those c l a s s i c a l  aspects o f  o r i e n t a t i o n  

which most authors have regarded as somatic components o f  the r e f l e x ,  
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involving turning of head and eyes towards a stimulus complex, 

The frame of refcrence offered by Sokolov emphasized non-specificity 

of EEG responses accompanying a wide repertoire of specific reflexes in 

different species, citing the studies of Galambos (12) ,  John (16) and 

voronin (22). 

cat, at least, it is necessary to take account of  hippocampal wave trains 

with characteristic features that relate in clear and specifiable ways to 

the performance of a discriminative task, and in different, but equally 

recognizable patterns, to aspects of orienting behavior. 

.. The present  s i u d y  indicates, 01-1 ;he CGfiti-Zi-y, that i n  *L- L I  I C  

The occurrence of hippacampal theta wave trains within a narrow 

frequency band around 6 cycles/sec during discrimination with visual cues 

has been described elsewhere (5, 15, 19). Temporary disruption of these 

wave trains by lesions remotely located in subthalamic zones of the 

diencephalon was associated with loss of  discriminative capabil ty, but 

was without effect on classical motor responses occurring as in tial 

components of the discriminative performance (9). There is thus 1 i ttle 

support for the view ';tat EEG reactions in a repertoire of conditional 

reflexes are quite similar. 

Indeed, the present study has emphasized that characteristic patterns 

of theta waves, phase locked in computed averages to the moment of 

presentation of the discriminative task, persist into substantial degrees 

of overtraining. On the other hand, less regular and slower wave trains 

accompanying the orienting performance remained at a low level with 

habituation of orienting behavior. Further dissection of the inter- 

relations and differences between EEG concomitants of discriminative and 

orienting behavior has been possible i n  the late changes induced by LSD-25 
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and a cyclohexamine drug (CL-400). 

o r i e n t i n g  behavior and the r e g u l a r i z a t i o n  o f  concomitant the ta  wave t r a i n s .  

The time course of behaviora l  changes was slower I n  onset and longer 

l a s t i n g  w i t h  LSD than with CL-400. 

Fol lowing both drugs, there was enhanced 

I n  both  cases, there was a good 

2uric;atiOi-t tie'rkieefi e x s g g e i - a t i ~ ~  ~f o;Iefiti;;g b ~ h v i ~ r  SE:! the e~h2:cecs~t 

of rhythmic computed EEG averages. 

d a i l y  average i n  o r i e n t i n g  responses a f t e r  a s i n g l e  dose o f  LSD occurred 

w i t h  a s t r i k i n g  independence of  the  f a s t e r ,  more regu la r  averages o f  d isc r im-  

i n a t i v e  t r i a l s  w i t h  which they were in terspersed (F ig.  3 ) .  There i s  thus 

w i t h i n  a s i n g l e  b r a i n  system a c l e a r  capac i ty  f o r  p a r t i c i p a t i o n  i n  r e l a t e d  

b u t  d i f f e r i n g  behaviora l  responses, w i t h  ebch o f  the two behaviora l  

p a t t e r n s  charac ter ize . '  by g r e a t l y  d i f f e r i n g  EEG pa t te rns .  

Tk? gradual e v o l u t i o n  of a rhythmic 

I f ,  then, i t  i s  poss ib le  to r e l a t e  such pat terned hippocampal EEG 

a c t i v i t y  t o  f i n e r  shades o f  behaviora l  responsiveness, i t  i s  necessary t o  

consider  the gamut o f  changing spec t ra l  content i n  these wave t r a i n s ,  and 

t h e i r  poss ib le  r e l a t i o n s h  p t o  broader s ta tes  o f  a le r tness  and focused 

a t t e n t i o n .  Grastyan (13)  and Grastyan e t  a l .  (14) have descr ibed a hippo- 

campal response to  unfami t a r  s t i m u l i  character ized by desynchronizat ion 

and disappearance o f  slow waves. This phenomenon was w i t h o u t  a behaviora l  

man i fes ta t ion ,  and was repiaced by a slow wave b u r s t  o n l y  a f t e r  these 

i n d i f f e r e n t  s t i m u l i  had achieved condi L i m a 1  s i g n i f i c a n c e ,  and were 

accompanied by the gradual development of o r i e n t i n g  behavior.  

hand, our s tud ies here and those c i t e d  above have c l e a r l y  ind ica ted  t h a t  

the mere aspect o f  an a l e r t e d  s tate,  w i t h o u t  e i t h e r  gross o r i e n t i n g  

behavior o r  the imposi t ion o f  a d i s c r i m i n a t i v e  performance, was un i fo rmly  

accompanied by a r i c h  gamut o f  hippocampal slow waves. These waves were 

On the other  
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present,  p a r t i c u l a r l y  i n  leads p r i m a r i l y  loca ted  in  the d e n d r i t i c  zone of 

the pyramidal c e l l ,  from the f i r s t  moments of exposure t o  the t e s t  s i t u a t i o n ,  

and thus do n o t  support the view tha t  the waves a r i s e  secondar i l y  t o  the 

development of  an o r i e n t i n g  r e f l e x ,  

A poss ib ie  s o i u t i o n  tu these seeming:y fi itoriipatib!~ find!ngs m y  !Is 

i n  the recent eva lua t i on  of reg ional  d i s t r i b u t i o n  o f  theta wave t r a i n s  i n  

a l e r t e d  s ta tes  and d i s c r i m i n a t i v e  performances, 

transverse ar rays  o f  c h r o n i c a l l y  implanted e lec t rodes  i n  the c a t ' s  dorsa l  

hippocampus (Porter,  Adey and Brown, 1'364, Fig.  6) c l e a r l y  showed t h a t  

remarkable reg iona l  d i f f e rences  e x i s t ,  p a r t i c u l a r l y  i n  simultaneous records 

d u r i n g  a l e r t e d  epochs between successive d i s c r i m i n a t i v e  performances. 

They have ind i ca ted  t h a t  deeper regions of the dentate f a s c i a ,  and the 

subiculum, f o r  example, may have a " f a s t  desynchronized" a c t i v i t y  i n  

i n t e r - t r i a i  epochs. Hippocampal d e n d r i t i c  zones, however, s imul taneously  

showed a spectrum o f  ' igh ampli tude the ta  waves. 

e x h i b i t i n g  much f a s t  a c t i v i t y  dur ing  i n t e r t r i a l  epochs t y p i c a l l y  showed 

the G cyctes/sec b u r s t  du r ing  d i sc r im ina t i on ,  and a l s o  f r e q u e n t l y  showed 

a 4 t o  5 cycles/sec t r a i n  du r ing  o r i e n t a t i o n  (Fig. 1, t r i a l  24, 5-6,  

12-13). 

has been customary o f  p rec i se  anatomical l oca t i ons  w i th in  the hippocampus 

i n  seeking behavioral  c o r r e l a t e s  of i t s  rhythmic processes. 

B ipo la r  records from 

Nevertheless, leads 

I t  would thus seem necessary t o  take more c r i t i c a l  account than 

Our c u r r e n t  understanding o f  the r o l e  o f  hippocampal s t r u c t u r e s  in  

memory and lea rn ing  has recen t l y  been comprehensively reviewed by Drachman 

and Ommaya (ll), who have examined t h : s  problem i n  the frame o f  th ree  

types of defects:  loss o f  re ten t ion ,  or  re t rograde memory loss; impairment 

o f  a c q u i s i t i o n ,  o r  i n a b i l i t y  to learn;  and shor t - te rm o r  recent memory 
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loss. They have concluded tha t  medial temporal lobe damage i s  assoc iated 

i n  man and animals w i t h  loss of r e t e n t i o n  and impairment o f  a c q u i s i t i o n ,  

ra the r  than w i t h  impaired short- term memory. 

TheIr f i n r l i n g ~ .  thii.; d i r e c t  a t t e n t i o n  t o  the p a r t i c i p a t i o n  by hippo- 

campal s t ruc tu res  i n  those processes o f  focused a t t e n t i o n  necessary t o  

the a c q u i s i t i o n  and storage o f  in format ion.  Cer ta in l y ,  they do no t  

support  no t ions  of the hippocampus as the ac tua l  s i t e  o f  the memory t race .  

The present  study has exempl i f ied  the e x q u i s i t e  s e n s i t i v i t y  o f  neuro- 

e l e c t r i c  processes i n  t h e  hippocampus t o  sub t le  s h i f t s  i n  cerebra l  s ta tes  

associated w i t h  e i t h e r  d i sc r im ina t i ve  o r  o r i e n t i n g  responses, 

s tud ies  (2, 7, 3) have ind ica ted  ways i n  whicn the hippocampal the ta  

a c t i v i t y  du r ing  d i s c r i m i n a t i o n  has the c h a r a c t e r i s i c s  o f  a "pace-maker,'' 

and how fragmentary, less regu la r  aspects o f  these rhythms can be 

discerned simultaneously i n  subcor t i ca l  s t ruc tu res ,  such as the midbra in  

r e t i c u l a r  fo rmat ion  and the subthalamus, and i n  pr imary sensory pathways, 

i n c l u d i n g  sensorimotor and v i sua l  cor tex .  I t  has been suggested t h a t  

the deposi t ion  o f  a "memory t race" i n  extrahippocampal systems may 

depend on such wave t ra ins ,  and subsequent r e c a l l  on the s tochas t ic  

reestabl ishment o f  s imi l a r  wave pa t te rns  (7).  Our f i nd ings  here support  

the view t h a t  these e l e c t r i c a l  wave pa t te rns  a re  indeed the concomitants 

o f  the establ ishment o f  a behaviora l  "set," necessary t o  the storage o r  

r e c a l l  o f  in format ion.  I n  t h i s  no t i on  o f  hippocampal a c t i v i t y ,  then, 

we may speculate on the s ign i f i cance  o f  i t s  cont inuous b u t  ceaseiess iy  

va ry ing  wave processes, as they might u n d e r l i e  t h a t  most f a s c i n a t i n g  

continuum i n  consciousness leading from the immediate pas t  through the 

Our prev ious 
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present t o  the immediate f u t u r e .  I t  i s  t h i s  aspect of a continuum i n  

the temporal domain t h a t  may a f f o r d  us c lues t o  experimental ana lys i s  of  

hippocampal-subcort ical  r e l a t i o n s  t h a t  u n d e r l i e  a c q u i s i t i o n  and storage 

of  i n f  orma t i on. 
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Legends to  Figures 

F ig .  1 .  Typ i ca l  EEG records i n  c o n t r o l  records and a f t e r  CL-400 d u r i n g  

T-maze d i s c r i m i n a t i v e  responses ( l e f t  t r ac ings )  and o r i e n t i n g  

responses ( r i g h t  t rac ings ) .  A f t e r  the drug, the r e g u l a r i t y  o f  

6 cycles/sec a c t i v i t y  was enhanced du r ing  d i sc r im ina t i on ,  and 

i n  o r i e n t i n g  responses, slower wave t r a i n s  were a l s o  enhanced. 

The v e r t i c a l  b a r l i n e  ind ica tes  moment o f  behav io ra l  p resenta t ion ,  

i nc lud ing  onset o f  5CC! cycles/sec tone. 
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F i g .  2 .  E f f e  t o f  i t roduct ion o f  o r i e n t i n g  r i a l s  ( d a i l y  n = 40) i n t o  

t r a i n i n g  schedules of  c a t  a l ready a t  high l e v e l  i n  d iscr iminat ive  

task performance. Computed averages during d iscr iminat ion  (A) 

showed high amplitude waves a t  6 cycles/sec.  Randomly i n t e r -  

spersed o r i e n t i n g  t r i a l s  (e) exh ib i ted  a lower amplitude 4 to  

5 cycles/sec rhythm i n  l a t e r  par ts  o f  analysis  epoch, 
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F i g .  2 .  E f f e c t s  o f  a s ing le  dose o f  LSD on hippocampal EEG i n  same 

animal as i n  F ig .  2, wi th  typical  augmentation of discr iminat ive  

averages from t h i r d  t o  tenth day a f t e r  drug ( A ) .  

averages o f  o r i e n t i n g  responses (B), a more regular  average 

appeared about the tenth day (3/14/64), and p e r s i s t e d  for 

approximately 10 days. 

I n  s i m i l a r  
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Fig. 4. Brief paroxysms of  high amplitude slow waves and wave-and-spike 

discharges appearing 1 hour after CL-400 (2 rng/Kg I . P . )  . 
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F i g .  5. Increased r e g u l a r i t y  i n  computed averages of  both d iscr iminat ive  

and o r i e n t i n g  responses f o r  3 days a f t e r  CL-400 (2 mg/Kg). 
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F i g .  6. Transient  augmentation i n  the  r e g u l a r i t y  o f  the computed 

averages i n  o r i e n t i n g  responses (B) on second and t h i r d  days 

a f t e r  CL-400 (2 mg/Kg) . 


